Title of the Invention 
Semiconductor Device and Method of Fabrication Same 

Background of the Invention 

Field of the Invention: 

The present invention relates to a semiconductor device having 
bonding pads for wire bonding, and to a method of fabricating the 
semiconductor device. 

Description of the Related Art: 

When forming bonding pads over copper interconnects in 
semiconductor devices of the prior art that employ copper interconnects, the 
bonding portions are in some cases provided at positions that are shifted 
from above the copper interconnects (refer to Japanese Patent Laid-Open 
Publication No. 2001-15516, pp. 4-5, FIG, 2). 

FIG. 1 is a sectional structural view showing an example of the 
construction of a semiconductor device of the prior art. Referring to FIG. 1, a 
plurality of copper pads are provided on copper interconnects 700 that are 
formed on semiconductor substrate 10, uppermost layer aluminum 
interconnect 730 being formed over uppermost layer copper pad 710 with 
barrier metal 720 interposed. Bonding portion 735 of uppermost layer 
aluminum interconnect 730 is at a position that is shifted with respect to 
copper interconnect 700. As a result, stress that occurs when bonding is 
exerted upon passivation insulation film 740 and interlevel dielectric film 750 
that underlie bonding portion 735. The influence of stress upon copper 
interconnect 700 during bonding can thus be reduced and the exposure of 



copper interconnects 700 on the surface can be prevented. 

Nevertheless, the above-described semiconductor device of the prior 
art has several drawbacks. 

First, because this is a construction in which bonding portions are 
5 provided at positions that are shifted vyith respect to the copper interconnects, 
the area of the bonding pads is greater than for a case in which the bonding 
portions are provided innmediately above the copper interconnects, and this 
construction therefore tends to increase chip size. 

Further, if a low-k film that has a lower relative dielectric constant than 
10 an oxide film is present below the bonding portion, the load of a needle 
during probing or bonding depresses the bonding pads and may cause 
cracks in the interlevel dielectric film that underlies the bonding pads or may 
cause film to peel in the bonding pads. 



1 5 Summary of the Invention 

The present invention was developed to solve the above-described 
problems of the prior art and has as an object the provision of a 
semiconductor device having improved resistance to shock to the bonding 
pads during probing and bonding (hereinbelow referred to as "shock 

20 resistance"), and to a method of fabricating such a semiconductor device. 

The semiconductor device of the present invention for achieving the 
above-described object includes: bonding pads that are formed on a 
semiconductor substrate; an upper copper layer that is formed on the lower 
surface of these bonding pads with a barrier metal interposed; and a lower 

25 copper layer that is formed closer to the semiconductor substrate than the 
upper copper layer; wherein the lower copper layer has a copper area ratio 
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that is equal to or less than that of the upper copper layer. 

Another semiconductor device of the present invention includes: 
bonding pads that are formed on a semiconductor substrate; an upper 
copper layer that is formed on the lower surface of the bonding pads with a 
5 barrier metal interposed; and a lower copper layer that is formed closer to 
the semiconductor substrate than the upper copper layer; wherein the upper 
copper layer is electrically insulated from the lower copper layer, and the 
copper area ratio of the upper copper layer is greater than that of circuit 
interconnect layers that are formed on the semiconductor substrate. 

10 In each of the above-described semiconductor devices, the copper 

area ratio of the upper copper layer may be at least 70%. 

In addition, the planar dimensions of the bonding pads and the upper 
copper layer may be substantially the same. 

Further, the upper copper layer may be constituted by a plurality of 

15 copper layers. In such a case, the copper area ratio of each of the copper 
layers of the upper copper layer may be the same. In addition, the 
semiconductor device may further include: interlevel dielectric films that are 
provided between each of the copper layers of the upper copper layer; and 
via-plugs composed of copper that are embedded in the interlevel dielectric 

20 films; wherein each of the copper layers of the upper copper layer are 

connected by way of the via-plugs. Further, the copper layer pattern of the 
copper layer that is located in the uppermost layer of the upper copper layer 
and the via-plugs that are connected to this copper layer pattern may be 
embedded in a dielectric film that is composed of a first material. 

2 5 The copper area ratio of the lower copper layer may be at least 1 5% 

and not greater than 95%. 
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The lower copper layer may be composed of a plurality of copper 
layers. In such a case, the copper area ratio of each of the copper layers of 
the lower copper layer may be the same. Further, dielectric films composed 
of a first material may be interposed between each of the copper layers of 
5 the lower copper layer. Each of the copper layers of the lower copper layer 
may be constituted by a copper layer pattern that is embedded in a dielectric 
film composed of a second material having a lower relative dielectric 
constant than the first material. The second material may be a softer 
substance than the first material. Still further, the dielectric films that are 
10 composed of the second material may contain any one of: a SiOC film, a 
silicon carbide (SiC) film, a SiOF film, a porous silicon dioxide (SiOg) film, a 
porous SiOC film, and a ladder oxide film having a ladder-type hydrogenated 
siloxane. 

A dielectric film that is composed of a third material that has a lower 
15 relative dielectric constant than the first material may be interposed between 
each of the copper layers of the lower copper layer. In such a case, the third 
material may be a softer substance than the first material. In addition, the 
dielectric films that are composed of the third material may contain any one 
of: a SiOC film, a silicon carbide (SiC) film, a SiOF film, a porous silicon 
20 dioxide (SiOg) film, a porous SiOC film, and a ladder oxide film having a 
ladder-type hydrogenated siloxane. 

The barrier metal may contain either of titanium nitride (TIN) and 
tantalum nitride (TaN). 

The semiconductor device may further include: internal circuits that 
25 are provided on the semiconductor substrate; and auxiliary copper 

interconnects that are electrically connected to the internal circuits; and 
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these auxiliary copper interconnects may be electrically connected to a 
portion of the bonding pads by way of via-holes. 

In the method of fabricating the semiconductor device of the present 
invention, the upper copper layer and lower copper layer are formed by a 
5 damascene method. 

In another method of fabricating the semiconductor device of the 
present invention, the copper layer pattern of the copper layer that is 
positioned in the uppermost layer of the upper copper layer and the via-plugs 
that connect to this copper pattern are formed by a dual damascene method. 

10 The present invention as described in the foregoing explanation takes 

advantage of one of the characteristics of copper, i.e., that copper has 
greater elasticity than an oxide film, elasticity is the property to rebound from 
force that is applied from the outside. In other words, the semiconductor 
device of the present invention has a structure in which the upper copper 

15 layer and lower copper layer below the bonding pads function as shock- 
resistant layers that impede the transmission of shocks below the bonding 
pads. 

In forms of the present invention in which the copper area ratio of the 
upper copper layer is at least 70%, shock resistance during probing and 
20 bonding is more greatly improved. 

In forms of the present invention in which the planar dimensions of the 
bonding pads and upper copper layer are substantially the same, the contact 
area between the bonding pads and upper copper layer can be made 
sufficient. 

25 In forms of the present invention in which the upper copper layer is 

constituted by a plurality of copper layers, shocks are distributed among 



5 



each of the copper layers. In addition, shocks are more evenly distributed in 
forms of the present invention in which the copper area ratios of each of the 
copper layers of the upper copper layer are the same. 

In forms of the present invention in which each of the copper layers of 
5 the upper copper layer are connected by way of via-plugs, shocks to the 
uppermost layer are more easily distributed to the other layers. 

In forms of the present invention in which the dielectric film that is 
composed of a first material and in which the uppermost layer of the upper 
copper layer and the via-plugs that connect to this uppermost layer are 
10 embedded is a hard material, the uppermost layer and the via-plugs that 

receive the greatest shock during bonding are uniformly supported by a hard 
dielectric film. 

Forms of the present invention in which the copper area ratio of the 
lower copper layer is at least 15% and not greater than 95% allow a still 

15 greater improvement in shock resistance. As a result, the lower copper layer 
can be used as a circuit interconnect layer having a copper area ratio of at 
least 15% and at most 95%, and the region underlying the bonding pads can 
be more effectively utilized. 

In forms of the present invention in which the lower copper layer is 

20 constituted by a plurality of copper layers, shocks that are conveyed to the 
lower copper layer are distributed among each of the copper layers. Shocks 
that are conveyed to the lower copper layer are more evenly distributed by 
making the copper area ratios of each of the copper layers of the loweir 
copper layer the same. 

25 In forms of the present invention that include dielectric films that are 

composed of the first material between each of the copper layers of the 
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lower copper layer, the lower copper layer can be more uniformly supported 
by the dielectric films. 

In forms of the present invention in which each of the copper layers of 
the lower copper layer is constituted by a copper layer pattern that is 
5 embedded in a dielectric film that is composed of a second material having a 
lower relative dielectric constant than the first material, the capacitance 
between copper layer patterns can be reduced within the same copper layer. 

In forms of the present invention in which dielectric films that are 
composed of a third material that includes a material having a lower relative 
10 dielectric constant than the first material are used as the interlevel dielectric 
films of the lower copper layer, the capacitance between a plurality of 
interconnect layers that are formed on the same level as the lower copper 
layer can be reduced. 

In forms of the present invention in which either one of titanium nitride 
15 (TIN) and tantalum nitride (TaN) are used as the barrier metal, the barrier 
metal can prevent the mutual diffusion of aluminum and copper between 
layers overlying and underlying the barrier metal. 

In forms of the present invention in which bonding pads are connected 
to auxiliary copper interconnects, electrical connection between bonding 
20 pads and internal circuits can be guaranteed even when shocks that occur 
during bonding cause cracks in the upper copper layer and thus cause 
defective connections. 

The above and other objects, features, and advantages of the present 
invention will become apparent from the following description with reference 
25 to the accompanying drawings, which illustrate examples of the present 
invention. 
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Brief Description of tlie Drawings: 

FIG. 1 is a sectional structural view showing one example of the 
construction of a semiconductor device of the prior art. 
5 FIG. 2A is a sectional structural view showing the construction of a 

region that includes a bonding pad of the semiconductor device that Is the 
first working example of the present Invention. 

FIG. 2B is a schematic view showing an example of the dummy 
pattern of the first upper copper layer. 
10 FIG. 2C is a schematic view showing an example of the dummy 

pattern of the first lower copper layer. 

FIG. 3 is a sectional structural view of the semiconductor device that 
Is the second working example of the present invention. 

FIG. 4A is a plan view of the semiconductor device that is the third 
15 working example of the present invention. 

FIG. 48 is a sectional structural view showing the portion along 
double-dot-single-dash line A-A' in FIG. 4A. 

FIG. 5 is a sectional structural view showing the configuration of the 
semiconductor device that is the fourth working example of the present 
20 invention. 

Detailed Description of the Preferred Embodiments 
The semiconductor device of the present invention is provided with: 
an upper copper layer that is formed below bonding pads with a barrier metal 
25 interposed; and a lower copper layer that is electrically insulated from this 
upper copper layer; wherein these copper layers serve as a shock resistant 
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layers. 

First Working Example 

FIG. 2A is a sectional structural view showing the configuration of an 
area that includes a bonding pad of the semiconductor device that is the first 
5 working example of the present invention. 

Referring now to FIG. 2A, the semiconductor device of the present 
working example includes upper copper layer 1 00 for improving shock 
resistance, this upper copper layer 100 being formed below bonding pad 130 
that includes a metal film having aluminum (Al) as its chief component, a 

10 barrier metal being interposed between upper copper layer 100 and bonding 
pad 130. The barrier metal is provided for preventing the aluminum that is 
contained in bonding pad 1 30 from reacting with elements that are contained 
in the upper layer. Lower copper layer 100 and bonding pad 130 have 
substantially identical planar dimensions (meaning that the planar 

15 dimensions are identical within the range of fabrication error), and upper 
copper layer 100 uniformly supports bonding pad 130 from below. 

To provide additional shock resistance, lower copper layer 200 that is 
electrically insulated from upper copper layer 100 is provided below upper 
copper layer 100 with oxide film (SiOg film) 32 interposed. Silicon dioxide 

20 (SiOg) film 32 is a dielectric film that is harder than a low-k film. The 

interposition of this SiOg film 32 between upper copper layer 100 and lower 
copper layer 200 prevents denting due to force that is applied during bonding. 

Upper copper layer 1 00 is composed of first upper copper layer 110 
and second upper copper layer 120, and first upper copper layer 1 10 and 

25 second upper copper layer 120 are electrically connected by via-plugs 140 
that are chiefly composed of copper. Upper copper layer 100 is therefore a 
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two-layer structure, whereby shocks that are exerted upon bonding pad 1 30 
are distributed between each of the layers and an Improvement in shock 
resistance is obtained. The number of copper layers that are formed as 
upper copper layer 100 may be three or more. 

Since second upper copper layer 1 20 and via-plugs 1 40 receive most 
of the force that is applied during bonding, a dielectric film (SiOg film) that is 
harder than a low-k film is preferably employed as the dielectric film 
composed of a first material within which these constituent elements are 
buried. In the present working example, second upper copper layer 1 20 and 
via-plugs 1 40 are each buried in silicon dioxide (SiOg) films 42 and 44, 
respectively, these films 42 and 44 being composed of the first material. 
Silicon dioxide (SiOg) films 42 and 44 are hard, and second upper copper 
layer 120 and via-plugs 140 are therefore uniformly supported by these 
silicon dioxide (SiOg) films 42 and 44. 

Lower copper layer 200 is composed of two layers, first lower copper 
layer 210 and second lower copper layer 220, and first lower copper layer 
210 and second lower copper layer 220 are insulated by silicon dioxide 
(SiOa) film 22. The use of a plurality of copper layers for lower copper layer 
200 provides the same effects as in upper copper layer 100 that has been 
described above. 

Laminated dielectric film 14, which is composed of a ladder-oxide film 
and a silicon dioxide (SiOJ film, is interposed between the copper layer 
patterns of first lower copper layer 210. The ladder-oxide film In this case is 
L-Ox, (a trademark of NEC Electronics Corporation (now in the application 
process)), which is a low-k film having a ladder-type hydrogenated siloxane. 
Laminated dielectric film 24 that is composed of L-Ox film and a silicon 



dioxide (SiOg) film is similarly interposed between the copper layer patterns 
in second lower copper layer 220. Forming laminated dielectric films 14 and 
24 from dielectric films (L-Ox films) composed of a second material that has 
a lower relative dielectric constant than the first material reduces the 
5 capacitance between interconnects of the copper interconnects that are 
formed on the same level as lower copper layer 200. 

Although not shown in FIG. 2A, in addition to regions that contain the 
above-described bonding pads, internal circuits including semiconductor 
elements such as transistors, resistors, and capacitors and the circuit 

10 interconnects for interconnecting these semiconductor elements are also 
provided on semiconductor substrate 10. The circuit interconnects are 
formed from conductive layers such as copper layers that are formed on the 
same layer as either of upper copper layer 1 00 and lower copper layer 200, 
diffusion layers that are formed on semiconductor substrate 10, and 

15 polysllicon in which impurities are diffused. Connections between bonding 
pad 130 and internal circuits are realized by way of, for example, upper 
copper layer 1 00. 

Explanation next regards the planar patterns of upper copper layer 
100 and lower copper layer 200. The patterns of upper copper layer 100 and 

20 lower copper layer 200 are referred to as "dummy patterns" in the following 
explanation based on the view that upper copper layer 100 and lower copper 
layer 200, rather than constituting the interconnects of internal circuits, 
function as dummy layers for distributing the shock applied to bonding pad 
130. 

2 5 FIG. 2B is a schematic view showing an example of a dummy pattern 

(planar pattern) of first upper copper layer 110, the sectional structure along 
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the double-dot-single-dash line A-A' being shown in FIG. 2A. The dunnmy 
pattern of second upper copper layer 120 Is Identical to that of first upper 
copper layer 110 and explanation is therefore here omitted. 

As shown in FIG. 2B, square-shaped patterns of a plurality of 
5 laminated dielectric films 34 are scattered in the dummy pattern of first upper 
copper layer 110 such that the overall area density of copper is uniform. The 
copper area ratio is the proportion of the area that is occupied by copper 
(copper-occupied area ratio), and shock resistance improves as this ratio 
increases. In this case, the copper area ratio of the dummy pattern is made 

10 greater than that of the copper layer in which the circuit interconnects are 
formed in order to raise the shock resistance. Based on experimental results 
obtained to date, the copper area ratio of a dummy pattern is preferably at 
least 70%. In addition, the copper area ratio of a dummy pattern is preferably 
not greater than 95% to prevent dishing during the CMP (Chemical 

15 Mechanical Polishing) processing of the copper layer. 

FIG. 2C is a schematic view showing an example of a dummy pattern 
(planar pattern) of first lower copper layer 210, the sectional structure along 
double-dot-single-dash line B-B' being shown in FIG. 2A. The dummy pattern 
of second lower copper layer 220 is identical to that of first lower copper 

20 layer 210, and explanation of this dummy pattern is therefore here omitted. 

As shown in FIG. 2C, cross-shaped patterns of a plurality of laminated 
dielectric films 14 are scattered in the dummy pattern of first lower copper 
layer 210 such that the overall copper area density is uniform. The copper 
area ratio of first lower copper layer 210 is preferably at least 15% for 

25 improving shock resistance, and further, preferably not greater than 95% for 
the same reasons stated regarding upper copper layer 100. 
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Since lower copper layer 200 is subjected to less stress during 
bonding than upper copper layer 100, the copper area ratio of lower copper 
layer 200 is preferably equal to or less than that of upper copper layer 100. 
In addition, the dummy pattern of lower copper layer 200 is electrically 
5 insulated from upper copper layer 100, and this dummy pattern may 

therefore be used as a pattern for circuit interconnects. Using lower copper 
layer 200 as a circuit interconnect layer in this way enables the effective 
utilization of the area below bonding pad 1 30. However, the copper area 
ratio of lower copper layer 200 in this case is smaller than the copper area 
10 ratio of upper copper layer 1 00. 

Further, first lower copper layer 210 and second lower copper layer 
220 are electrically insulated by an interlevel dielectric film, but these layers 
may also be electrically connected by via-plugs. 

The method of fabricating the semiconductor device of the above- 
15 described working example is next explained with reference to FIG. 2A. The 
following explanation deals only with the procedures for fabricating elements 
for improving shock resistance of the bonding pads, these elements being 
the distinguishing feature of the semiconductor device of the present working 
example, and detailed explanation regarding the circuit interconnects that 
20 are formed on the same level as each of the copper layers that serve as 
shock resistance layers is therefore omitted. 

Semiconductor elements such as transistors, resistors, and capacitors 
(not shown in the figure) are formed on semiconductor substrate 10, a silicon 
dioxide (SiOg) film 12 is formed over these elements by a CVD method to a 
25 thickness of 300-500 nm as an interlevel dielectric film, following which 
stopper-SiCN film 13 is further formed to a thickness of 30-50 nm as a film 
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for preventing etching (hereinbelow referred to as an "etching stopper film"). 
Next, an L-Ox film is formed to a thickness of 300-500 nm over stopper-SICN 
film 13 by an application and sintering process and a silicon dioxide (SiOg) 
film is grown to a thickness of 100-200 nm over this L-Ox film to form 
5 laminated dielectric film 1 4 that is composed of the L-Ox film and silicon 
dioxide (SiOg) film. A resist pattern is next formed on laminated dielectric film 
14 by means of a photolithographic process, following which etching is 
carried out using this resist pattern as a mask to form a prescribed dummy 
pattern and interconnect trenches for forming circuit interconnects (not 
10 shown in the figure) on laminated dielectric film 14. The resist pattern is then 
removed. 

Next, a barrier metal having a thickness of 30-50 nm and a seed layer 
having a thickness of 50-200 nm are successively formed on laminated 
dielectric film 14 in which the dummy pattern and interconnect trenches have 

15 been formed, and a copper film having a thickness of 500-1000 nm is 

additionally formed over these layers by means of an electroplating method. 
After employing a CMP process to grind the copper film until the upper 
surface of laminated dielectric film 14 is exposed, cap-SiCN film 15 having a 
thickness of 30-50 nm is formed as a film for preventing the diffusion of 

20 copper. First lower copper layer 210 having the dummy pattern shown in FIG. 
2C is thus completed. 

After forming first lower copper layer 210, silicon dioxide (SiOg) film 22 
having a thickness of 300-500 nm is formed over first lower copper layer 210, 
and second lower copper layer 220 Is formed by the same procedure as the 

2 5 above-described fabrication process of first lower copper layer 21 0. 

Silicon dioxide (SiOj) film 32 having a thickness of 300-500 nm and 
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stopper-SiCN film 33 having a thickness of 30-50 nm are next formed over 
second lower copper layer 220. Laminated dielectric film 34 that is 
composed of an L-Ox film having a thickness of 300-500 nm and a silicon 
dioxide (SiOg) film having a thickness of 100-200 nm is then formed. A resist 
5 pattern is next formed on laminated dielectric film 34 by means of a 

photolithographic process, following which a prescribed dummy pattern and 
interconnect trenches for forming circuit interconnects not shown in the figure 
are formed on laminated dielectric film 34 by an etching process. The resist 
pattern is then removed. 

10 A barrier metal having a thickness of 30-50 nm, a seed layer having a 

thickness of 50-100 nm, and a copper film having a thickness of 600-1000 
nm are next successively formed on laminated dielectric film 34 on which the 
dummy pattern and interconnect trenches have been formed. The copper 
film is next ground by a CMP process until the upper surface of laminated 

15 dielectric film 34 is exposed, following which cap-SiCN film 35 having a 
thickness of 30-50 nm is formed. In this way, first upper copper layer 110 
having the dummy pattern shown in FIG. 2B is formed. 

Silicon dioxide (SiOg) film 42 having a thickness of 300-500 nm, 
stopper-SiCN film 43 having a thickness of 50-70 nm, and silicon dioxide 

20 (SiOa) film 44 having a thickness of 300-500 nm are next successively grown 
over first upper copper layer 110. A resist pattern for forming via-plugs 140 is 
next formed on silicon dioxide (SiOg) film 44 by means of a photolithographic 
process, and etching is carried out using this resist pattern as a mask until 
cap-SiCN film 35 is exposed to form the via portions, following which the 

25 resist pattern Is removed. A resist pattern for forming second upper copper 
layer 120 Is then formed on silicon dioxide (SiOg) film 44 by a 
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photolithographic process and etching is carried out using this resist pattern 
as a mask to form the dummy pattern that is shown in FIG. 2B on silicon 
dioxide (SiOg) film 44. Then, after removing the resist pattern, cap-SiCN film 
35, which is the bottom surface of the vias, is removed by etching. 
5 A barrier metal having a thickness of 30-50 nm, a seed layer having a 

thickness of 50-1 00 nm, and a copper film having a thickness of 600-1 000 
nm are next formed in succession. The copper film is then ground by a CMP 
process until the upper surface of silicon dioxide (SiOg) film 44 is exposed, 
following which cap-SiCN film 45 is formed to a thickness of 30-50 nm. In this 

10 way, second upper copper layer 1 20 having the dummy pattern that is shown 
in FIG. 2B is formed. 

Silicon dioxide (SiOg) film 52 having a thickness of 300-500 nm is next 
formed on cap-SiCN film 45, and a resist pattern for forming openings for 
connecting second upper copper layer 120 and bonding pad 130 is formed 

15 by a photolithographic process on silicon dioxide film 52. Silicon dioxide 

(SiOa) film 52 and the underlying cap-SiCN film 45 are next etched using the 
resist pattern as a mask to form openings. Then, after removing the resist 
pattern, titanium nitride (TiN) film 54 having a thickness of 100-200 nm, this 
film being a barrier metal, an Al-Cu film (in which the ratio of aluminum to 

2 0 copper is 99.5% to 0.5%)having a thickness of 800-1 000 nm, and titanium 
nitride (TiN) film 64 having a thickness of 50-1 00 nm, this film being an 
antireflective coating, are successively formed using a sputtering process. 

A resist pattern for forming bonding pad 130 is then formed on 
titanium nitride (TiN) film 64 by a photolithographic process, following which 

25 titanium nitride (TiN) film 64 and the underlying Al-Cu (in which the ratio of 
aluminum to copper is 99.5% to 0.5%) film and titanium nitride (TiN) film 54 
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are subjected to etching using this resist pattern as a mask. The Al-Cu 
(0.5%) film that is left by this etching becomes bonding pad 130. The resist 
pattern is removed after forming bonding pad 130. Silicon dioxide (SiOg) film 
62 is next formed to a thickness of 1 00-200 nm so as to cover TIN film 64 on 
5 bonding pad 1 30, following which polyimide film 66 is further formed to a 
thickness of 800-1000 nm on silicon dioxide (SiOg) film 62. 

Finally, a resist pattern for forming openings for exposing a prescribed 
portion of bonding pad 130 (the portion in which bonding is realized) is 
formed on polyimide film 66 by a photolithographic process, and using this 
10 resist pattern as a mask, polyimide film 66 and the underlying silicon dioxide 
(SiOs) film 62 and titanium nitride (TiN) film 64 are etched to expose bonding 
pad 130. The semiconductor device of the construction shown in FIG. 2A is 
thus obtained. 

According to the semiconductor device of the present working 
15 example described hereinabove, a copper layer having greater elasticity than 
an oxide film (elasticity being the property by which force that is applied from 
the outside is repelled) is formed below bonding pad 130 with a barrier metal 
interposed, whereby a construction is obtained that repels force that is 
applied by a needle during probing and bonding and that impedes the 
20 transmission of shocks below bonding pad 130. The shock resistance of this 
semiconductor device is therefore improved, and pads are not damaged 
even when a probing needle is placed on the bonding pad. 

In addition, the provision of a copper layer below bonding pad 1 30 
allows the ultrasonic waves for realizing eutectic bonding of a gold wire and 
25 bonding pad 130 during bonding to be adequately transmitted to the gold 
wire and bonding pad 130 without being absorbed by a low-k film such as an 
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L-Ox film. As a result, the close adhesion of gold wires and bonding pads is 
strengthened and the wire-pull strength is increased. 

In addition, the actual metal film thickness of the bonding pad portion 
is the total thickness of the aluminum and the copper layer below the 
5 bonding pad, whereby the hardness against probing and bonding is further 
increased. As a result, the load applied in the vicinity of the underlying L-Ox 
film can be reduced and the occurrence of cracks in the interlevel dielectric 
film can be prevented. 

10 Second Working Example 

In the construction of the above-described first working example, the 
connection of the bonding pads and internal circuits is realized by way of the 
upper copper layer, but a construction is also possible in which the bonding 
pads are connected to auxiliary copper interconnects that are connected to 

15 the internal circuits. Explanation next regards a semiconductor device in 
which this type of connection structure is applied. 

FIG. 3 is a sectional structural view of the semiconductor device that 
is the second working example of the present invention. As shown in FIG. 3, 
in the semiconductor device of this working example, auxiliary copper 

20 interconnect 1 25 that is connected to internal circuits is formed on the same 
level as second upper copper layer 120. Auxiliary copper interconnect 125 
and bonding pad 130 are electrically connected by way of via-hole 150. The 
construction is othenA^ise basically the same as the construction of the 
above-described first working example, 

25 Explanation next regards the method of fabricating the semiconductor 

device of the present working example. The following explanation is limited 
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only to those portions that distinguish this working example, and detailed 
explanation regarding steps that are similar to steps in the first working 
example are omitted. 

The semiconductor device is fabricated by the same procedures as in 
the first working example up to the formation of first upper copper layer 110. 
After forming first upper copper layer 110, trenches for forming auxiliary 
copper interconnects 125 are formed in silicon dioxide film 44 that is shown 
in FIG. 2A, and auxiliary copper interconnects 125 are formed when forming 
second upper copper layer 120. Then, when forming a resist pattern on 
silicon dioxide (SiQa) film 52 for providing openings for connecting second 
upper copper layer 120 and bonding pad 130, a pattern is included in this 
resist pattern for forming via-holes 150 for connecting auxiliary copper 
interconnects 125 and bonding pads 130. Titanium nitride (TIN) film 54, 
bonding pads 130, titanium nitride (TiN) film 64, silicon dioxide (SiOg) film 62, 
and polyimide film 66 are subsequently formed by the same procedures as 
the first working example. 

In the semiconductor device of the present working example, the 
following effects are exhibited in addition to the effects that were described in 
the first working example. If cracks occur in second upper copper layer 120 
due to shocks to bonding pads during probing and bonding, it is anticipated 
that electrical conduction between second upper copper layer 1 20 and 
internal circuits cannot be guaranteed in the construction of the first working 
example. In the present working example, however, electrical conduction 
between bonding pad 130 and internal circuits by way of via-holes 150 and 
auxiliary copper interconnects 125 can be guaranteed even when such 
cracks occur. 
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Further, in the present working exannple, upper copper layer 100 and 
internal circuits need not be connected because bonding pads 130 are 
connected to internal circuits by way of auxiliary copper Interconnects 125. 

In addition, although auxiliary copper interconnects 125 are formed on 
5 the same level as second upper copper layer 1 20 in the foregoing 

explanation, the present invention Is not limited to this form, and auxiliary 
copper interconnects 125 may also be formed on the same level as other 
conduction layers such as, for example, first upper copper layer 110. 

10 Third Working Example 

A plurality of bonding pads can be arranged In the construction of the 
above-described second working example. Explanation here regards a 
semiconductor device in which this type of construction is applied. 

FIG. 4A is a plan view of the semiconductor device that is the third 

15 working example of the present invention, and FIG. 4B is a sectional view of 
the structure in along the double-dot-single-dash line A-A' in FIG. 4A. In 
these figures, FIG. 4A and FIG. 4B, titanium nitride (TiN) film 64, silicon 
dioxide (SlOg) film 62, and polyimlde film 66 that were shown in FIG. 2A are 
formed on bonding pads 130, but this construction is here omitted for the 

20 sake of expediency. 

As shown in FIG. 4A, the semiconductor device of the present 
working example is a construction in which outer pads 132, which are 
bonding pads that are close to scribe line 600, and inner pads 134, which 
are bonding pads that are closer to the center of the chip than outer pads 

25 1 32, are aligned along different lines. The sectional configuration of a region 
that Includes both these outer pads 1 32 and inner pads 1 34 is the 
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construction shown in FIG. 4B that is next described. 

First lower copper interconnects 212 for circuit interconnects are 
formed on the same level as first lower copper layer 210. Second lower 
copper interconnects 222 for circuit interconnects are formed on the same 
5 level as second lower copper layer 220. Second upper copper interconnects 
1 22 for circuit interconnects are formed on the same level as second upper 
copper layer 1 20. 

Second upper copper layer 120, first upper copper layer 110, second 
lower copper layer 220, and first lower copper layer 210 are formed as shock 
10 resistance layers below outer pads 132. Outer pads 132 are connected to 
first lower copper interconnects 212 and second lower copper interconnects 
222 by way of auxiliary copper interconnects 125 and via-plugs 140. 

Second upper copper layer 120 and first upper copper layer 110 are 
formed below inner pads 134 as shock resistance layers. Inner pads 134 are 
15 connected to second upper copper interconnects 122, which constitute the 
auxiliary copper interconnects. 

Second lower copper layer 220 and first lower copper layer 210 may 
also be provided below inner pads 134. In this case, second lower copper 
layer 220 is provided to prevent shorts between adjacent second lower 
20 copper interconnects 222. First lower copper layer 21 0 has the same 
construction. 

In the semiconductor device of the present working example, as with 
the second working example, electrical conduction between bonding pads 
and internal circuits by way of auxiliary copper interconnects 125 can be 
25 guaranteed for outer pads 132 and inner pads 134 even when cracks occur 
in the bonding pads due to shocks to the bonding pads during probing and 
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bonding whereby adequate electrical conduction cannot be obtained 
between second upper copper layer 120 and bonding pads. 

Fourth Working Example 
5 In each of the above-described working examples, SiOC film, which is 

the third dielectric film that includes a material of lower relative dielectric 
constant than the first material, can be used in place of a silicon dioxide 
(SiOa) film as the interlevel dielectric film of the lower copper layer. 
Explanation is now given for an example in which this type of construction is 

10 applied in the semiconductor device that is shown in FIG. 3. 

FIG. 5 is a sectional structural view showing the construction of the 
semiconductor device that is the fourth working example of the present 
invention. In the semiconductor device of the present working example, the 
copper area ratios of the upper copper layer and lower copper layer are 

15 substantially equal. The upper copper layer and the upper portion of the 
upper copper layer are as shown in FIG. 2B. 

As shown in FIG. 5, the lower copper layer is composed of four layers: 
first lower copper layer 410, second lower copper layer 412, third lower 
copper layer 414, and fourth lower copper layer 416. These four layers are 

20 constituted by patterns that are similar to the dummy pattern of first upper 
copper layer 1 10 that was shown in FIG. 2B. 

Laminated dielectric film 310 is interposed in first lower copper layer 
410, laminated dielectric film 314 is interposed In second lower copper layer 
412, laminated dielectric film 318 is interposed in third lower copper layer 

25 414, and laminated dielectric film 322 is interposed in fourth lower copper 
layer 416. Laminated dielectric films 310, 314, 318, and 322 are all 
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composed of L-Ox films and silicon dioxide (SiOs) films. 

SiOC film 312 Is interposed between first lower copper layer 410 and 
second lower copper layer 412, SiOC film 316 is interposed between second 
lower copper layer 412 and third lower copper layer 414, and SiOC film 320 
5 is interposed between third lower copper layer 414 and fourth lower copper 
layer 416. SIOC films 312, 316, and 320 are interlevel dielectric films. 

According to the semiconductor device of the present working 
example, the copper area ratios of each of the upper copper layer and lower 
copper layer are substantially equal, and the copper area ratios of each of 
10 the copper layers that constitute the upper copper layer and the lower copper 
layer are also substantially equal. This construction affords a more even 
distribution of shocks and allows a greater improvement in shock resistance. 

In addition, because SiOC films 312, 316, and 320 are low-k films, 
capacitance between interconnect layers can be reduced when interconnect 
15 layers are formed in the same level as at least two copper layers of the four 
copper layers, i.e., first lower copper layer 410, second lower copper layer 
412, third lower copper layer 414, and fourth lower copper layer 416. 

Although laminated dielectric films 310, 314, 318, 322, and 326 are 
composed of L-Ox films and silicon dioxide films in the present working 
20 example, these films can be also constituted by SiOC films. 

Explanation next regards the results of investigating the pull strength 
of bonding wires after bonding, i.e., the results of a wire-pull test, these 
results being the results of comparison of the previously described 
semiconductor device of the prior art and each of the semiconductor devices 
25 having the constructions of the above-described first to fourth working 
examples. 
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In a wire-pull test, bonding wires are pulled upward and connections 
are judged to be defective if a wire breaks, a ball such as gold or solder, or 
bonding pad peels off under a force of less than 4 gf. In the semiconductor 
device of the prior art that was shown In FIG. 1 , the defective ratio was 
5 approximately 10% when interlevel dielectric film 750 was a silicon dioxide 
(SiOg) film, and the defective ratio was approximately 20% when interlevel 
dielectric film 750 was a SiOC film. In contrast, the defective ratio was 0% for 
all of the first to fourth working examples. 

The constructions of the above-described first to fourth working 

10 examples and fabrication methods are only examples of the present 

invention, and the present invention can be modified as appropriate within 
the range that does not depart from the gist of the invention. For example, 
upper copper layer 1 00 and lower copper layer 200 may be constituted by a 
plurality of layers other than two layers or four layers. When the upper 

15 copper layer is a plurality of layers, that is , the number of the upper cupper 
is n, the nth copper layer (where n is a natural number equal to or greater 
than 2) being the uppermost layer in a construction is preferably adopted 
from the standpoint of improving shock resistance in which at least the nth 
copper layer and the via-plugs are embedded in a dielectric film that is 

2 0 composed of the first material. 

In addition, each of upper copper layer 100 and lower copper layer 
200 may also be a single layer. In such a case, either of upper copper layer 
100 and lower copper layer 200 may also serve as a circuit interconnect 
layer. 

25 When upper copper layer 100 and lower copper layer 200 are dummy 

layers, the dummy patterns of these layers are not limited to the shapes that 
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are shown in FIG. 2B and FIG. 2C, and other patterns may be applied such 
that the area density of copper is approximately uniform. 

In addition, although the formation of via-plugs 140 and second upper 
copper layer 120 was realized by a dual damascene method, a single 
5 damascene method (also referred to as simply "a damascene method") may 
also be employed. When a damascene method is used, via-plugs 140 and 
second upper copper layer 120 are formed separately. 

Further, although silicon dioxide (SiOg) film was used as the dielectric 
film having a first material, other dielectric films may be used instead. 

10 When the dielectric film that has a first material Is a silicon dioxide film, 

a case was described in which the dielectric film having a second material 
was L-Ox film, and the dielectric film having a third material was a SiOC film, 
but other dielectric films may be used as the dielectric films having second 
and third materials. For example, the dielectric films having second and third 

15 materials may be films that include at least one low-k film such as: a L-Ox 
film, a SiOC film, a silicon carbide (SIC) film, a SIOF film, a porous silicon 
dioxide (SiOg) film, and a porous SiOC film. 

Although a SiCN film was employed as the etching stopper film and 
copper diffusion prevention film, a SiC film or a SiN film may be used instead. 

20 A SiON film may also be used as the etching stopper film. When selecting 
the etching stopper film and copper diffusion prevention film from among the 
films that are here suggested, materials may be selected by comparing, for 
example, the dielectric constants and the etch selectivity, which is the ratio of 
the etch rates of the etching stopper film or copper diffusion prevention film 

25 and the film to be etched, and then selecting such that pattern processing is 
facilitated, and moreover, such that capacitance between interconnects is 
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decreased. 

In place of the dielectric film having a first material such as silicon 
dioxide (SiOg) film 44 that is interposed In second upper copper layer 1 20, a 
film may be provided that contains a low-k film that is softer than a silicon 
5 dioxide film, such as a L-Ox film or a SiOC film. In this case as well, the 
shock resistance during bonding can be improved over a semiconductor 
device of the prior art. 

In addition, a tantalum nitride (TaN) films can be used instead of 
titanium nitride (TIN) films for barrier metal that is provided below bonding 
10 pads 130. In either case, the diffusion of aluminum and copper can be 
prevented. 

Further, each of the copper layers that constitute upper copper layer 
1 00 and lower copper layer 200 and via-plugs can be materials that contain 
minute amounts of other elements such as silicon and aluminum. 

15 According to the present invention as described hereinabove, copper 

layers, which have greater elasticity than oxide films (elasticity being the 
property by which force that is applied from the outside is repelled), are 
formed below bonding pads with barrier metal interposed, whereby a 
construction is obtained that repels force that is applied by a needle during 

20 probing and bonding and that impedes the transmission of shocks to areas 
below bonding pads. As a result, the shock resistance is improved, and 
damage to the pads when a probing needle is placed on a bonding pad can 
be prevented. 

In addition, the provision of copper layers below bonding pads allows 
25 the ultrasonic waves for causing eutectic bonding between gold wires and 
bonding pads during bonding to be adequately transmitted to the gold wires 
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and bonding pads without being absorbed by low-k films such as a L-Ox film. 
As a result, the close adhesion between gold wires and bonding pads is 
strengthened and the wire-pull strength is increased. 

Finally, since the actual metal film thickness of the bonding pad 
5 portions is the sum of the film thicknesses of aluminum and the copper layer 
below the bonding pads, a device can be obtained having greater hardness 
against probing and bonding, and as a result, load that is exerted in the 
vicinity of the underlying L-Ox film is reduced and the occurrence of cracks in 
the interlevel dielectric films can be prevented. 
10 While preferred embodiments of the present invention have been 

described using specific terms, such description is for illustrative purposes 
only, and it is to be understood that changes and variations may be made 
without departing from the spirit or scope of the following claims. 
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